ABSTRACT
INTRODUCTION
any futurists have argued that as telecommunications technology improves, the demand for faceto-face interactions, and thus will make cities, in which face-to-face interactions are facilitated, obsolete (Toffler (1980) , Negroponte (1995) , Naisbitt (1995) , and Knoke (1996) . Gaspar and Glaeser (1998) developed a model, to examine this relationship between telecommunications improvements and growth of cities, and showed that advanced communications technology can either increase or decrease both face-toface interactions and city size. In their model Gaspar and Glaeser (1998) assume that only one mode of interaction, either telecommunications or face-to-face interactions, can be used in a relationship. Panayides (2002) developed a model where individuals involved in a relationship use two modes of interaction: face-to-face interactions and electronic communications. Each individual maximizes her net payoff from the relationship. Then using comparative static analysis on the optimal solutions showed that improvements in telecommunications technology may increase or decrease the demand for face-to-face interactions, depending whether face-to-face interactions and telecommunications are substitutes or complements. Then this general model was placed within a spatial framework. The model presented here expands the Panayides (2002) and Gaspar and Glaeser (1998) models.
THE PAYOFF MODEL
In this section we construct a general payoff model using a quadratic function such that first face-to-face interactions and electronic communications are substitutes and then such that face-to-face interactions and electronic communications are complements.
General Payoff Model I (Face-to-face interactions and electronic communications are substitutes):
An agent involved in relationships with other agents uses electronic communications and face-to-face contact. The payoff of the relationships depends on the time spent on electronic and face-to-face interactions and is given by the following function, , Time is a common input for both modes of interaction, which is available at cost c per unit. The total cost of engaging in interactions is then given by the following function,
The objective of the agent is individual is to maximize her net payoff from interactions,   . 
The first order conditions (FOCs) for payoff maximization are (3) . 0
Both first order conditions imply that the marginal payoff from either mode of interaction must be equal with the marginal cost which is the opportunity cost of time.
The second order conditions (SOCs) for a maximum are that the following Hessian determinant be positive:
Using (3) and (4) We now investigate how an improvement in telecommunications technology affects the time spent on either mode of interaction. These effects are, , 0 1 In addition the following comparative static result is needed to determine the effect of advances in information technology on city size, . 0
Result (8) implies that improvements in communications technology will increase the time spent on electronic communications since now it's easier and faster to communicate electronically. Therefore, if face-to-face interactions and electronic communications are substitutes, improvements in communications technology will decrease the time spent on face-to-face interactions as people substitute face-to-face contact with electronic communications, which is what result (9) implies. Finally, result (10) implies that an increase in the productive time of face-to-face contact will decrease the time spent on electronic contact, as people substitute electronic with faceto-face contact.
General Payoff Model II: (Face-to-face interactions and electronic communications are complements):
The payoff from the relationships is now given by the following function, implying that face-to-face interactions and electronic communications are complements. As in model I, the individual maximizes her net payoff form the relationships. Namely, she is faced with the following problem: Result (15) implies that improvements in communications technology will increase the time spent on electronic communications since, as stated above, now it's easier and faster to communicate electronically. Therefore, if faceto-face interactions and electronic communications are complements, improvements in communications technology will increase the time spent on face-to-face interactions, which is what result (16) implies. Finally, result (17) implies that an increase in the productive time of face-to-face contact will increase the time spent on electronic contact.
From both general models we can conclude that improvements in communications technology unambiguously increases the time spent on electronic communications. However, improvements in communications technology increase the time spent on face-to-face interactions only if face-to-face interactions and electronic interactions are complements. If they are substitutes then improvements in communications technology results in reduction of time spent on face-to-face interactions.
THE URBAN MODEL
In this section we placed the above developed payoff model within a spatial framework in order to examine how changes in electronic communications affect the growth of cities.
Urban Model I (Face-to-face interactions and electronic communications are substitutes):
The net payoff of relationships for the individual living in the city center is given by the following function, where R denotes the agricultural rent (i.e., is the housing cost beyond the edge of the city), N is the total population of the city and HN is commuting cost. We assume here that the city facilities face-to-face interactions and thus (result (17)), implying that the city residents spend more time in electronic interactions than the residents of the hinterland and that improvements in electronic communications cause the city to grow.
From both urban models we can conclude that if face-to-face interactions and electronic communications are complements then improvements in telecommunications technology will increase city size, while if they are substitutes then improvements in telecommunications technology will decrease city size.
